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Motivation
• Graphite: Cathode of choice in Li-O2 batteries
• Reacts with discharge product releasing 1CO2
• Reduces cyclability and specific capacity over cycles
Aim
• To investigate Transparent Conducting Oxides
(TCOs) as a class of cathode candidates in Li-O2
batteries using Density Functional Theory (DFT)
computations.
Methods
• DFT calculations
Performed using VASP within the Projector Augmented 
Wave method. PBE functionals were used. 
• Chemical Stability
Possible reaction products between cathode, ∈ and 
Li2O2determined using: 
∆𝐸𝐸 ∈, 𝐿𝐿𝑖𝑖2𝑂𝑂2 = min0≤𝑥𝑥≤1 𝐸𝐸𝑥𝑥.∈− 1−𝑥𝑥 .𝐿𝐿𝑖𝑖2𝑂𝑂2 − 𝑥𝑥.𝐸𝐸∈ − (1 − 𝑥𝑥).𝐸𝐸𝐿𝐿𝑖𝑖2𝑂𝑂2
• Electrochemical stability 
Determined using the grand canonical phase diagram
wherein, the potential ∅ = 𝐸𝐸 − 𝜇𝜇𝐿𝐿𝑖𝑖𝑁𝑁𝐿𝐿𝑖𝑖. 2Materials Project
database was used for the energetics with 3pymatgen for
analysis
• 4Discharge product:
• Li2O2: 2 e- process:a. 𝐿𝐿𝑖𝑖+ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑂𝑂2 𝑔𝑔 + 𝑒𝑒− ↔ 𝐿𝐿𝑖𝑖𝑂𝑂2∗b. 𝐿𝐿𝑖𝑖+(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) + 𝐿𝐿𝑖𝑖𝑂𝑂2∗ + 𝑒𝑒− ↔ 𝐿𝐿𝑖𝑖2𝑂𝑂2(𝑠𝑠)
• Li2O: 4 e- processa. 𝐿𝐿𝑖𝑖+ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝑂𝑂2 𝑔𝑔 + 𝑒𝑒− ↔ 𝐿𝐿𝑖𝑖𝑂𝑂2∗b. 𝐿𝐿𝑖𝑖+ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐿𝐿𝑖𝑖𝑂𝑂2∗ + 𝑒𝑒− ↔ 𝐿𝐿𝑖𝑖2𝑂𝑂 𝑠𝑠 + 𝑂𝑂∗c. 𝐿𝐿𝑖𝑖+ 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝐿𝐿𝑖𝑖2𝑂𝑂 𝑠𝑠 + 𝑂𝑂∗ + 𝑒𝑒− ↔ 𝐿𝐿𝑖𝑖𝑂𝑂∗ + 𝐿𝐿𝑖𝑖2𝑂𝑂 𝑠𝑠d. 𝐿𝐿𝑖𝑖+(𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠) + 𝐿𝐿𝑖𝑖𝑂𝑂∗ + 𝐿𝐿𝑖𝑖2𝑂𝑂(𝑠𝑠) + 𝑒𝑒− ↔ 2𝐿𝐿𝑖𝑖2𝑂𝑂(𝑠𝑠)
Results
Chemical Stability
Electrochemical Stability
Wulff Shape
SnO2 CdO In2O3 ZnO
Adsorption Study
• ZnO (0001) most suitable
for Li2O2 formation
• SnO2 will lead to mix of
Li2O and Li2O2 formation
• In2O3 and CdO promote
Li2O formation
Conclusions
• Non-reactive TCOs could be used as a stable 
cathode in Li-O2 batteries
• Chemical as well as electrochemical stability over 
operating voltage should be considered
• Care should be taken in choosing the surface for 
adsorption of discharge product
Future Work
• Analysis can be extended to other oxides for 
cathode in Li-O2 battery
• Surfaces of TCOs that can be preferentially 
synthesized will be analyzed
• Other class of materials such as nitrides that are 
known to be non-reactive will be analyzed
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